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COMPENSATION FOR INDUCTION HEATING IN COIL WELDING EQUIPMENT 

CROSS-REFERENCE TO RELATED APPLICATIONS/INCORPORATION BY 

REFERENCE 

[0001] This patent application is a national stage entry into the United States of PCT 
application EP2004/009548, which was filed on 26 August 2004, which claims priority to 
German application 103 40 206.3-24, dated 01 September 2003. 

TECHNICAL FIELD 

[0002] The present invention pertains to a procedure to optimize the welding energy input into the 
heating coils of a heating coil fitting. The present invention also pertains to a heating coil welding 
apparatus, which particularly suits the above-mentioned procedure. 

BACKGROUND OF THE INVENTION 

[0003] Aside from heating element-stud welding techniques, professionals in the field use mostly 
heating coil welding to tightly join plastic components. In heating coil welding, heating coil fittings, 
also known as heating coil bushings, are used to axially join pipes or tubes, such as utility pipes for 
water or gas. For the welding process, heating coil fittings feature a synthetic pipe fitting, for example, 
made from polyethylene, with at least one exposed or concealed heating coil on or in the tube wall. 
The heating coil has two terminal contacts, which extend to the outside and may be connected with an 
electric welding power supply. 

[0004] The two synthetic workpiece pipes are first inserted in a fitting tube with a slightly larger bore 

than the outer diameter of the workpiece pipes to be welded together. A welding voltage is then 
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applied to the heating coil, a current passes through the heating coil and the so applied energy is 
transformed into heat in the electrical or ohmic resistance of the heating coil. Starting at the heating 
coil, the heat slowly permeates the synthetic materials of the pipes and fittings. These materials will 
plasticize and flow together, once they are past the softening point or when they have reached the 
melting range, respectively. Subsequent cooling yields a permanent homogenous bond between the 
two pipes and the fitting, which is gas- and waterproof. This entire process is called "heating coil 
welding" or also "welding". 

[0005] In an established heating coil welding method with an AC welding voltage feed from the 
welding power supply to the heating coil, the effective value for the welding voltage is kept 
constant throughout the welding process. Consequently, the required heat for the welding process 
is mainly achieved by adjusting the welding voltage and/or the welding time. Modern heating coil 
welders access the welding parameters via a data feed mechanism to set the welding voltage and 
time prior to the actual welding process. 

[0006] In this process, the welding parameters may be imported via bar code. In order to exclude 
mistakes, the manufacturer may, for example, put a bar code label on each component, making the 
label a non-detachable, permanent feature of the fitting. This avoids common mistakes, such as 
input errors for the welding voltage and/or time. 

[0007] The bar code design is standardized and contains not only the input parameters for the 
welding process. Providing the welder design accommodates these functions, the bar code also 
documents reference data for the laying of pipe networks, such as the manufacturer's information 
for the pipe components, where the pipes may be installed, etc. The bar codes also contain the 
known temperature compensation data, which the actual welding machine can use to adjust the 
appropriate welding energy input into the fitting. 

[0008] In the past, heating coil welders were built either for use with a generator or with a mains 

adapter with an AC voltage input and output. Power control and consequently, the energy input 

control for the heating coil fitting, is usually regulated by phase angle control of the 230/50 Hz- 
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voltage from the national grid, which is reduced to low-voltage output using a transformer. To 
regulate the electrical power input into the heating coil of the fitting at the outlet, the effective 
output voltage is measured, and via a control unit the phase angle or delay angle a of the phase 
angle cut-off is set. Idealized, the output signal from these heating coil welders resembles a phase 
angle controlled sinus wave with the fundamental frequency pulse of the input signal, i.e. 50 Hz in 
case of the above-mentioned mains voltage and between 40 Hz and 70 Hz for equivalent generator 
voltages, respectively. 

[0009] After the allotted phase-out times, the since 1971 valid EU standard EN 61000-3-2 
prohibits the use of the technique as described above for equipment with a mains power supply. 
Aside from other concerns, the standard is meant to especially restrict the feed of harmonic waves 
into the public low-voltage grid. The standards impose limit values for the impact on the public 
grid, such as for the phase shift between current and voltage due to inductive or capacitive loads, 
and harmonic waves due to the above-mentioned phase angle control. EN 61000-3-2 is equivalent 
to the German national standard, VDE 0838 "Electromagnetic Compatibility Limits for Harmonic 
Currents". 

[0010] The manufacturers of voltage or power supply devices have therefore stepped up the 
development of suitable voltage converter technologies. Power factor controllers (PFCs) are one 
solution to keep harmonic waves under the maximum value as set by the European standard EN 
61000-3-2. In principle, there are two approaches, i.e. passive and active PFC. Passive PFC is 
based on the inductance in the user input circuit to temporarily store power from the grid, thus 
dampening power spikes. In active PFC, a device-integrated electronic control unit constantly 
monitors the user's power demand. Needed power is taken from the grid in almost perfect sinus 
configuration and temporarily stored. For their input circuits, these high-frequency voltage 
converters feature a cos(cp) very close to 1 and a rather small harmonic interference. The output 
from these units is DC voltage. 
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[0011] The use of DC voltage entails certain problems for implementations in the field of heating 
coil welding. Usually, the heating element for the fitting has the form of a coil and consequently, 
dependent on the coil geometry, the heating coil has an inductance. Since the prevailing heating 
coil welders work with an AC welding voltage, currently marketed heating coil fittings are 
indirectly designed and tested for use with AC welding voltage (50-60 Hz +/- 15%) and the above- 
mentioned phase angle power control (phase angle cut-off). Therefore, the barcode of a fitting 
contains the effective welding voltage as a crucial parameter for welding operations with AC 
voltage in a defined frequency range. 

[0012] The effective power P w , e ff that is converted into heat in the heating coil fitting, i.e. the actual 
heat output or welding output to the heating coil, is calculated according to the following formula: 

U 2 

K.eff s *VV C0S ^ = / 2 T cos(arctan(2^L/7?)) 

<y]R + \ljlfL) 

U e ff - effective value for the voltage on the heating coil fitting, 
I e ff - effective value of the current through the heating coil fitting, 
R - ohmic resistance of the heating coil fitting, and 

L - inductance of the heating coil of the heating coil fitting 

[0013] Due to its inductance L and in combination with its ohmic resistance R, the heating coil of 
the heating coil fitting constitutes a complex load R + / • 27tfL, which causes a phase shift between 
current and voltage. The ratio of the heating coil reactance 2irfL and ohmic resistance R equals the 
tangent of the phase angle cp between current / and voltage U. 
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[0014] The formula above indicates that, given equal effective values for the DC and AC welding 
voltages on the fitting, the effective value for the active welding voltage in the heating coil fitting 
is always larger for DC voltage with a frequency of /= 0 Hz than it is for the operation with AC 
welding voltage. It is equally apparent that the effective DC welding voltage decreases with 
increasing fundamental frequencies of the DC voltage. 

[0015] Accordingly, the general formula for the welding power in the heating coil is: 

P Wieff . =f(U t R,L) 

[0016] When the effective AC welding voltage is regulated via phase angle a of the phase angle 
control, the creation of harmonics must also be considered. Phase angle control leads to harmonics 
with frequencies that are usually multiples of the fundamental frequency. Therefore, the total 
welding power input into the heating coil consists of variable contributions from the fundamental 
wave and the harmonics. The higher the frequencies of the fundamental wave, the smaller are the 
amplitudes for the harmonics. In addition, the effect of the inductance L increases with increasing 
frequency. Increasing frequencies also reduce the harmonic current and with it the welding power 
contribution of the harmonic waves. The following formula for the heat output from the heating 
coil is slightly more precise: 

[0017] P Wieff =f(U(a),R,L) 

[0018] It must be noted that the voltage from the grid or from a generator, respectively, itself 
normally shows some variation. The phase angle a for the phase angle control of the desired 
effective DC welding voltage is therefore also not constant. This also subjects the welding power 
contribution from harmonics to deviations. 

[0019] Finally, the ohmic resistance of the heating coil is temperature-dependent, i.e. the ohmic 
resistance of the heating coil increases with increasing temperature. In conclusion, the general 
formula for the effective welding power is therefore 
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[0020] P Wieff =f(U(a),R(T),L) 

[0021] where T stands for the temperature. 

[0022] Test series have been run either with DC welding voltage or with AC welding voltage, in 
which the fundamental frequency clearly deviated from the fundamental frequency of the 
established DC welding voltage for the heating coil fitting. Experiments were done with DC 
voltages, which were equivalent to the effective AC welding voltage according to the barcode 
label on the fitting. The results revealed differences in actual welding power at the heating coil 
fitting of up to 50% for the worst case, particularly for pipes with large diameters. 

[0023] In other words: When a heating coil fitting is designed for use with AC voltage and the 
established effective AC welding voltage U# in the barcode of the heating coil fitting is applied, 
then an equivalent DC welding voltage may deliver by 50% too much heat to the heating coil 
fitting. However, deviations larger than 5% can already compromise the quality of the welded 
joint. In experiments, this led to an overheating of the synthetic material and even to the collapse 
of pipes with thin walls. This condition is intolerable, especially for gas pipes with their high 
safety requirements. 

[0024] Conversely, the welding energy input was decidedly lower when the fundamental 
frequency was higher than the frequency of the established DC welding voltage according to the 
fitting label. As a consequence, the welding process is executed with less than the predetermined 
welding energy input. This can be even more detrimental than the above-mentioned overheating of 
the welding spot because the inferior weld due to the less than optimal welding energy input may 
escape notice. 

[0025] While the set time limits according to EN 61000-3-2 run out, an obvious and safe course 
of action would be to phase out all outdated heating coil welding equipment for use with AC 
voltage from the national grid and replace it with heating coil welding equipment that is designed 
for DC voltage input. For safety reasons, the use of fittings, which are not designed for use with 
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DC welding voltage, should then also be prohibited. According to this scheme, the outdated 
heating coil fittings would have to either be discarded or returned to the manufacturer to be fitted 
with a new barcode. This would incur considerable costs. 

[0026] In the global market for the heating coil welding technology, in the area of generator- 
supplied heating coil welders, as used in the exempt construction business, for example, there 
are however implementations, in which the supply voltage has a frequency of 200 Hz or 
higher. As a matter of principle, the use of fittings, which are not designed for such 
frequencies, would have to be prohibited too. However, this market is too small to offer small 
lots of heating coil fittings for such high fundamental frequencies, complete with labeling for 
the welding voltages and times - and then offer the fittings at the usual market prices for 
regular fittings. 

[0027] Further limitations and disadvantages of conventional, traditional, and proposed 
approaches will become apparent to one of skill in the art, through comparison of such 
systems and methods with the present invention as set forth in the remainder of the 
present application with reference to the drawings. 

SUMMARY OF THE INVENTION 

[0028] It is therefore in accordance with embodiments of the present invention to create 
procedures and a device for the determination of precise welding voltage settings for heating coils 
and thus achieve an optimized welding energy input when the fundamental frequencies of the AC 
welding voltages for the heating coil fittings are outside the established tolerance zone, especially 
for DC welding voltages. 

[0029] The invention-based procedures to optimize the welding energy input into the heating 
coil of a heating coil fitting are realized using a welding power supply unit, which can be 
connected via connecting leads and connecting elements to the contact elements of the heating 
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coil fitting. In this arrangement, at least the value for the effective AC welding voltage with a 
fundamental frequency within a set tolerance range and the corresponding welding time are 
known. These welding parameters may be accessible as barcode information on the heating coil 
label. 

[0030] After the welding power supply unit and the heating coil fitting have been connected, the 
application of a welding voltage to the contacts of the welding coil fitting will start the actual 
welding process. However, according to the present invention, a welding voltage with an arbitrary 
fundamental frequency may be used, i.e., significant frequency deviations are permitted in 
comparison with the frequency tolerance of the established welding voltage for the welding fitting. 

[0031] DC voltage is used as welding voltage in a first embodiment of the present invention. This 
invention-based DC heating coil welder is best used with a mains power supply because the above- 
described negative impact on the grid is as good as non-existent. 

[0032] In a second embodiment of the invention, the welding voltage may be an AC voltage with 
a fundamental frequency outside the tolerance range for the established AC welding voltage for 
the heating coil fitting. This AC voltage heating coil welder is particularly well suited for use with 
a generator as power supply for AC voltage, for example with a frequency of 200 or 400 Hz, e.g. 
for the exempt use on construction sites. 

[0033] It should be mentioned, that another design might make a heating coil welder suitable for 
both above-mentioned implementations, i.e. in the first or second embodiment and as an all- 
purpose heating coil welder. 

[0034] In either embodiment and for the all-purpose heating coil welder, at least one or several 
electrical parameters for the heating coil fitting are determined for the implementation of the 
present invention. To ascertain optimized energy input into the heating coil fitting, at least one 
parameter or several electrical parameters for the heating coil fitting are then used to determine a 
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correction factor for the energy input. The correction factor is then used to adapt at least one 
welding parameter. 

[0035] Two welding parameters may be set, either the effective welding voltage or the welding 
time, i.e. the duration for which the welding voltage is applied to the heating coil fitting. Of 
course, it is possible to adjust both parameters. It should be emphasized that the welding 
parameter(s) are adjusted individually for each welding process. Based on the electrical parameters 
for each heating coil fitting, the energy input is therefore optimized for each welding process. This 
obviates the initially mentioned problems without spending additional time and effort on site and 
without making the handling and service of the heating coil welder more difficult. 

[0036] Preferentially, the welding parameter(s) (at least one) for the heating coil fitting are 
determined before the actual welding process starts, i.e. after the heating coil fitting is attached to 
the heating coil welder and after entering the established parameters as given on the heating coil 
fitting. However, it is also conceivable to start the welding process right away and synchronously 
adjust a parameter, e.g. the welding time. 

[0037] In the invention-based method, at least the inductance of the heating coil in the heating 
coil fitting is entered as a first electrical parameter, especially when the attached label on the 
heating coil fitting shows the ohmic resistance of its heating coil. However, it is also possible to 
determine the ohmic resistance of the heating coil in the heating coil fitting as an additional, 
second electrical parameter. 

[0038] In another embodiment, the ohmic resistance of the heating coil is measured parallel to 
the welding process, either continuously or in set time intervals. It is a known fact that the ohmic 
resistance of the heating coil itself changes with the temperature. This temperature dependency 
has a further, albeit small influence on the welding energy input into the fitting. 

[0039] For all above-mentioned embodiments of the invention, the correction factor for the 
energy input is defined by at least one of the following single correction factors, i.e. the 
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correction factor for the energy input maybe defined by one single correction factor for one 
parameter or an arbitrary combination of single correction factors. 

[0040] In a first aspect of the present invention, the first single correction factor is an inductance 
correction factor. In essence, this factor accounts for the additional influence on the welding 
energy input, which stems from the inductance of the heating coil in the heating coil fitting when 
the fundamental frequency for the welding voltage deviates from the preset tolerance range for 
the heating coil fitting. 

[0041] In a second aspect of the present invention, a second single correction factor is a 
harmonics correction factor. In essence, this factor corrects for the welding energy input, which is 
due to the harmonic waves of an AC welding voltage when the fundamental frequency for the 
welding voltage deviates from the preset tolerance range for the heating coil fitting. 

[0042] In a third aspect of the present invention, a third single correction factor is an ohmic 
resistance correction factor. In essence, this factor is meant to correct for the impact on the 
welding energy input, which results from the temperature dependency of the ohmic heating coil 
resistance in the heating coil fitting. 

[0043] The fundamental frequency of the established AC welding voltage for a heating coil 
fitting has a preferred tolerance range of about 40 Hz to 70 Hz. 

[0044] There are several ways to measure the inductance of the heating coil to determine the 
electrical parameters for the heating coil in the heating coil fitting, and the expert is familiar 
with several wiring schemes. Exemplary and not as a final point, it should be mentioned here 
that the inductance can be determined from the phase angle between current and voltage of an 
AC voltage measurement signal that is applied to the heating coil fitting. Another method to 
determine the inductance employs the resonance frequency change in a resonant 
measurement circuit, which is connected with the heating coil of the heating coil fitting. The 
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inductance can also be determined by measuring the difference in complex heating coil 
resistance for at least two measurement signals with different frequencies. 

[0045] In the context of the claim-based compensation for the reactive electrical heating coil 
attributes of a heating coil fitting, the following should be emphasized: For a heating coil 
fitting and the fundamental frequency of interest, for which it was originally designed, either 
the inductance of the heating coil or its reactance at the fundamental frequency can be 
determined and used to set the correction factor for the inductance. 

[0046] With regard to the determination of the electrical parameters, the following should be 
pointed out: The parameters may be determined using separate measurement circuits, which 
can be connected to the contacts on the heating coil fitting. However, the electrical 
parameters may also be set via the connecting leads of the welding power supply at the 
connecting elements of the heating coil fitting. 

[0047] It should be pointed out that the heating coil welding device offers the same 
advantages as exemplified above in connection with the procedures. 

[0048] These and other advantages and novel features of the present invention, as well as 
details of illustrated embodiments thereof, will be more fully understood from the 
following description and drawings. 

BRIEF DESCRIPTION OF SEVERAL VIEWS OF THE DRAWINGS 

[0049] In the following, more advantageous embodiments and an example implementation are 
outlined with illustrations. 

[0050] Fig. 1 Diagram of an invention-based heating coil welding apparatus, in accordance with 
an embodiment of the present invention. 
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[0051] Fig. 2 Equivalent circuit diagram for the heating coil of a heating coil fitting along with 
a simplified representation of the heating coil welder from figure 1 . 

[0052] Fig. 3 Flow diagram depicting the individual procedural steps in the regulation of the 
welding energy input into a heating coil fitting, in accordance with an embodiment of the present 
invention. 

DETAILED DESCRIPTION OF THE INVENTION 

[0053] Fig. 1 shows an example embodiment of a connecting unit 1, in particular a heating coil 
welder with an invention-based control unit 10 for the automatic optimization of the welding 
energy input into a heating coil fitting. The control unit 10 may be an integral component, or it can 
be designed as modular auxiliary component for the connecting unit 1. 

[0054] The control unit 10 features a central control component 20, for instance, a CPU for the 
determination of the correction factor for the energy input according to the present invention, 
among other functions. Via the data line 22, the central control component is connected to the 
storage unit 30, which temporarily stores (buffers) at least one or several electrical welding 
parameters for a heating coil fitting. Storage unit 30 can also store actual welding data, such as 
information about the used heating coil fitting or a molded electrical part, respectively. It is also 
feasible to add protocols and documentation about pipe networks to these storage data. 

[0055] The central control component 20 is further connected via data line 23 to a display 40, 
which renders alphanumeric and/or graphic symbols (icons). For example, the graphic and/or 
alphanumeric display 40 can render part ID information from the central control component 10 
and display an already known electrical parameter or a set of already known parameters for a 
welding part. 

[0056] Another data line 24 connects the central control component 20 with a console 50 for the 
manual entry and/or selection of individual device functions. 

12 

AKR- 105667.1 



substitute specification 



[0057] The central control component 20 is also connected via a data line 25 to a barcode reader 
60. A digital transcriber 62 is inserted in data line 25 to turn the bar code reading into digital data. 
Via the barcode reader 60, the central control component receives data, such as specific data about 
the heating coil fitting that is about to be processed. The internationally standardized barcode on 
heating coil fittings contains the data for the effective AC welding voltage and the correct welding 
time, among other data. Additional barcode information for the temperature compensation is 
processed by the central control component to adjust the welding conditions for the environmental 
temperature. For this function, a temperature sensor 70 is connected to the central control 
component 20 via data line 26, which contains the device 72, here an A/D converter, to turn the 
data from the temperature sensor into digital data. 

[0058] Finally, data line 27 forms the connection between the central control component 20 and 
the port 80. To access the data, the control unit 10 is connected to the welding power supply 90. It 
should be pointed out that the port 80 might be executed either as hardware or as software design, 
respectively. 

[0059] Figure 1 shows the hardware design version of port 80, which consists of a connector 82 
and a socket 84 to connect the two modules, i. e. the control unit 10 and the welding power supply 
90. The welding power supply 90 also features connecting leads 92 and the connecting elements 
94 for the electrical connection with the contact elements (not shown) of the heating coil fitting 
(not shown). 

[0060] To determine the electrical heating coil parameters of the heating coil fitting, the central 
control component 20 is wired via data line 28 to the measuring device 100. Via measuring line 
102 with its contact elements 104 at the ends, the measuring device 100 can be connected to the 
contact elements of the heating coil fitting. The design features of the measuring device 100 
include suitable functions to determine at least the reactance or the inductance and, if necessary, 
also the ohmic resistance of the heating coil fitting. 
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[0061] Measuring device 100 converts the measured electrical parameters into digital data and 
supplies them to the central control component 20 for further processing. In this scheme, the 
connecting unit 1 may be designed to measure the ohmic resistance continuously or in set time 
intervals. Continuous compensation for the temperature-dependent change in ohmic resistance and 
the proportionate correction of the energy input during the welding process allow an even more 
precise regulation of the energy input into the fitting. 

[0062] Figure 2 shows a simplified diagram of the connecting unit 1 with the control unit 10 and 
the welding power supply unit 90 from figure 1 . The welding power supply unit 90 is connected to 
the heating coil fitting 1 10 via connecting leads 92. The equivalent electrical circuit diagram with 
an ohmic resistance 1 12 and the inductance 1 14 depicts the heating coil of the heating coil fitting 
110. Via measuring lines 102, the control unit 10 is also connected with the contact elements of the 
heating coil fitting 110. The welding power supply unit 90 also features contacts 96 for the 
connection to the energy grid (mains). This mains-supplied version of the connecting unit 1 works 
with an AC voltage of 220/230 V and 50 - 60 Hz. The mains grid- independent version of the 
connecting unit 1 is powered by a generator with an AC voltage output of defined amplitude and a 
frequency, which may deviate from the regular mains frequency. 

[0063] The welding power supply unit 90, preferably the mains-connected version, provides at its 
output 98 the required DC welding voltage to produce the welding energy for the heating coil 
fitting. The welding energy is released by the heating coil in the form of heat. 

[0064] Welding power supply units for use in exempt applications may also be designed for the 
output of an AC welding voltage. In this case, the frequency deviation from the marked out 
fundamental frequency on the heating coil fitting has effects on the welding energy input into the 
heating coil. These effects are counteracted and thus the aforementioned advantages are realized 

[0065] In closing, figure 3 shows a flow diagram, which outlines for the invention-based method 
the procedural steps for the proper regulation of the welding energy input into the heating coil 
fitting in heating coil welding. 
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[0066] It should be pointed out that the flow diagram only depicts those steps, which specifically 
relate to the optimization of the welding energy, In particular, the steps relate to the necessary 
invention-based correction(s) of one or several welding parameters. This takes into account one or 
several of the following aspects, 

[0067] 1. the influence due to the inductance of the heating coil on the energy input into the 
heating coil fitting, 

[0068] 2. the portion of the energy input due to harmonics for a phase angle controlled AC 
welding voltage, and/or 

[0069] 3. the impact on the energy input due to the temperature-dependency of the ohmic heating 
coil resistance in the heating coil fitting. 

[0070] The method starts with step S10. The assumption is made that at this time the pipes to be 
welded together are already put end-to-end, still detachable, inside the heating coil fitting and that 
all necessary cables, i.e. the leads to the power supply and the measuring lines, are connected to 
the heating coil fitting. 

[0071] In step S20, the information from the barcode on the heating coil fitting, especially the 
manufacturer-supplied welding parameters, such as the effective AC welding voltage and the 
welding time, are first entered via the barcode reader (see Fig. 1) into the central control component 
of the control unit. 

[0072] Following step S20, in step S30 the electrical heating coil parameters for the heating coil 
fitting are determined, in particular the ohmic resistance and the inductance, using the measuring 
devices in the control unit and the measuring lines to the heating coil fitting. 

[0073] In step S40 plausibility and error checks take place. For this purpose, the measured ohmic 
resistance may be compared to the prior established value from the barcode, for instance. A value 
outside a predetermined tolerance range may point to a faulty cable or corroded connection 
elements, in which case the procedure advances to step S50. In step S50 the display of the control 
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unit shows the appropriate diagnosis or an error message for the user. In the following step S60, 
the procedures are terminated, i.e. the welding process does not start. 

[0074] When the plausibility and error checks are passed without irregularities, the procedures 
continue with step S70. In accordance with the present invention, in step S70 the central control 
component derives the energy input correction factor from the measured electrical parameters for 
the heating coil and the barcode data. 

[0075] In case a DC voltage is used as welding voltage, the energy input correction factor takes 
into account that there is no phase shift between welding current and welding voltage due to the 
inductance of the heating coil, and therefore there is no reactive power. Consequently, for use with 
DC welding voltage the actual working voltage must be lower than the effective AC welding 
voltage or alternatively, the welding time must be shortened. Of course, a combination of both 
measures can be applied. 

[0076] The energy input correction factor further takes into account that for a DC welding voltage 
there is no contribution to the energy input into the heating coil fitting from harmonic waves. 
Finally, the ohmic resistance of the heating coil in the heating coil fitting is continuously measured 
and the temperature-dependency of the ohmic resistance is factored in. It should also be noted that 
the contributions to the energy input correction factor as a result of harmonic waves or the 
temperature-dependency of the ohmic resistance of the heating coil, respectively, can also be 
empirically determined from a series of measurements. These empirical data can be stored as 
constants or tables in the program of the central control component of the connecting device. 

[0077] For implementations using an AC welding voltage with a fundamental frequency outside 

the tolerance range for the established AC welding voltage, preferentially using a higher actual 

frequency, e.g. a fundamental frequency of 200 Hz, the energy input correction factor takes into 

account the following condition: The frequency-dependent inductive reactance of the heating coil 

leads to a modified phase shift between welding current and welding voltage. This changes the 

reactive power in the heating coil fitting. In this case, the actual effective working voltage must be 
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higher than the marked out effective AC welding voltage on the barcode label of the fitting. 
Alternatively, the welding time can be extended. Of course, a combination of both measures also 
works. 

[0078] In this case, the energy input into the heating coil fitting due to harmonic waves has also 
changed. The energy input correction factor accounts for this effect too. Finally, the ohmic 
resistance of the heating coil is measured continuously in this case as well, and the temperature- 
dependency of the ohmic resistance is factored in. It should be noted here as well, that contributions 
to the energy input - either as a result of harmonic waves or due to the temperature-dependent 
changes of the ohmic heating coil resistance - can also be empirically determined from a series of 
measurements. The empirical data can be stored as constants or tables in the program of the central 
control component in the connecting device. 

[0079] In step S80, after putting the energy input correction factor into the calculations, the central 
control component sets the corrected welding voltage or the corrected welding time. Subsequently, 
in step S90, the actual welding process starts. During the welding process, the control unit monitors 
the welding parameters and adjusts them as needed. 

[0080] Step SI 00 ends the procedure after the specified welding time. The weld is then allowed to 
cool for a specified time. In an added step, the control unit may also monitor the cooling process. 

[0081] While the invention has been described with reference to certain embodiments, it 
will be understood by those skilled in the art that various changes may be made and 
equivalents may be substituted without departing from the scope of the invention. In 
addition, many modifications may be made to adapt a particular situation or material to 
the teachings of the invention without departing from its scope. Therefore, it is intended 
that the invention not be limited to the particular embodiment disclosed, but that the 
invention will include all embodiments falling within the scope of the appended claims. 
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